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PREFACE

An "end of project evaluation" is a regular procedure for all USAID
projects and was one of the activities foreseen under the USAID
Morocco Locust Control Project (MLCP). In response to USAID’s
request to undertake such an evaluation, Development Assistance
Corporation in collaboration with Winrock International Institute
for Agriculture Development provided a team of five experts, each of
whom dealt with a different aspect of the MLCP. These experts
included:

Habib Khoury Evaluation Specialist/Team Leader
George Cavin Entomologist/Locust Specialist
Ellis Huddleston Pesticide Management Specialist
Carrol Voss Operation/Application Specialist
Wolfgang Mueller Environmental/Health Specialist

All team members would like to express their gratitude to the
Moroccan authorities for their help and collaboration, and to all
officials interviewed for their patience and the time they devoted
to meeting with team members. Without their contributions, a
thorough evaluation would not have been possible. The team would
also like to extend its gratitude to USAID/Rabat for all of the
assistance they provided to the team, and to DAC and Winrock
International for their oversight of the activity. Special thanks
is given to Mr. Joseph Kitts, Project Coordinator, for the many
hours he spent with the team in Rabat and in the field, providing a
great deal of information and access to critical personnel and
places. His frank and open answers to the team’s many guestions and
inquiries were especially appreciated. Finally, the team wishes to
expressS its gratitude to Said Ghaout, from the Moroccan Crop
Protection Service (DPV), for his assistance in providing documents
and arranging meetings.
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National Center for Locust Control

National Inst. of Occupational Safety and Health
National Locust Control Center
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Office for Disaster Assistance (U.S.)
Organophosphates

Office for Technical Assistance (US Congress)
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United States

United States Agency for International Development
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EXECUTIVE SUMMARY

This is the report on the "end-of-project" final evaluation of the Morocco Locust
Control Project (MLCP), USAID No. 608-0196. The evaluation was carried out over
a three and a half week period in February and March 1992, by a team of five
experts selected by Development Assistance Corporation and logistically supported
by Winrock International.

The project evolved from the first locust invasion in October 1987, at which time
USAID invoked emergency relief through OFDA. A second invasion also required
emergency relief through OFDA, and it appeared that locusts would continue to
pose a serious threat to Moroccan agriculture over an extended period. In order
to provide a mechanism for longer-term assistance, the MLCP was approved May 11,
1988 for S 3.5 million with a PACD of Sept 30, 1990. Based on the expectation
that a serious threat would continue through January 1990, the MLCP was amended
on PFebruary 10, 1989 to increase the total budget to $§ 23.5 million, and to
extend the completion date to June 30, 1991. A continuing locust threat did not,
however, develop, and of the Project’s total budget, only the $5.7 million was
expended. Due to the hiatus of USAID activities in Morocco during the Gulf War,
the Project Activity Completion Date was, however, again extended to June 1992
in order to enure the adequate close-out of activities, including those related
to environmental monitoring.

Within the above framework, the stated goal of the USAID Morocco Locust Control
Project was "to protect Moroccan agricultural and livestock production from the
locust plague in ways consistent with protecting the health and well-being of the
people and the environment."” The more specific project purpose was to assist the
GOM, in coordination with other donors, to control the Desert Locust invasion.

Inputs provided by USAID included aircraft flying hours, insecticides, technical
assistance, selected commodities, safety equipment, ground surveillance and
communication equipment, and environmental monitoring systems. Intended outputs,
included: 1) an enhanced capacity to control DL through aerial spraying of
insecticides; 2) improved strategic planning and tactics of control, including
preparation for appropriate responses north of the Atlas mountains; 3) improved
efficiency of operations such as survey, treatment and communications; and 4)
improved GOM capacity for the management and monitoring of environmental, safety
and health aspects of control operations.

The evaluation methodology consisted of document reviews, field investigations
in Morocco and interviews with US, Moroccan and international organizations. The
project’s logical framework, as presented in the Project Paper and subsequent
amendments, was used as a principle point of reference for the team. In order
to provide a sound structure to the evaluation, the team broke-down its work and
the evaluation report inte six principle areas, namely: the project’s history
and description; the organizational structure; survey and control strategies;
issues related to operations and the application of pesticides; pesticide
management and disposal; and human health and the environment. Other areas
examined by the team and presented in this report include: USAID's responsiveness
to the problem; human resource development; regional cooperation; the validity
of economic assumptions in the Project Paper; and the cost of the locust control
program. The team’s development of lessons learned and recommendations are also
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presented in detail.

Special mention should be made with regard to the OTA report entitled "A Plague
of Locusts.” Although the evaluation team had no specific mandate to address the
issues of the report, which some have considered as critical of USAID’s involve-
ment in locust control programs, the team did recognize the importance of the
same, and attempted to examine the areas of concern highlighted by OTA.

Principle Findings:

Overall, the team was most impressed with the quality and effectiveness of the
MLCP, and project’s goal of protecting in a safe manner Moroccan crops and live-
stock appears to have been well-achieved in that no significant damage to crops
and livestock occurred, and no reports of serious harm to human health or the
environment were registered. Moreover, with respect to each intended output, the
teams findings were generally positive. Specifically, the following may be noted:

1) Enhanced capacity to control DL through aerial spraying of insecti-
cides:

During the three campaigns, Morocco treated in total about 4.8
million ha. using aerial and ground treatment against Desert Locust
adults and hoppers. As concerns aerial spraying, the Moroccan
operational capability clearly increased, from 2,000 ha. per day
before the 1987 invasion to a peak average of about 32,300 ha. per
day in November 1988, eventually accounting for about 77% of the
total area treated. To this effort USAID supplied the flying hours
of two Turbo Thrushes, two DC-7s and one C-130.

An important aspect of the GOM’s enhanced aerial spraying capacity,
which reached 93.5% of the total area treated during the 1988
campaign, relates to the use of which larger aircraft, such as the
USAID-provided DC-7s. These aircraft accounted for approximately
30% of total area sprayed, and it was only through the addition of
these larger airplanes that it was possible to reach the capacity.

It may be further noted that even though the registered increase was
due in large part to donor assistance, the maintenance of personnel,
equipment and material stocks has allowed the GOM to maintain this
aerial treatment capability, which at the time of the evaluation was
estimated to be about 20,000 to 30,000 ha. per day.

2) Improved strategic planning and tactics of control, including
preparation for appropriate responses north of the Atlas mountains:

The patterns of locust invasion in the spring and fall of 1988 came
mainly from movement of swarms developed in northern Mauritania,
while those that entered Morocco in early 1989 came almost entirely
from along the coast. As demonstrated by the fact that swarms were
eliminated before they could cross the Anti-Atlas mountains, the
adopted control strategy which is discussed in detail in later
sections was successful in providing Morocco the desired level of
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3)

4)

protection to its crops. Though the failure of invasions to
continue in the fall of 1989 and later did not allow a full test of
GOM capacity, the team believed that more than adequate capacity was
developed, and that the GOM could have deployed personnel and
equipment rapidly and could have controlled any swarms north of the
Atlas mountains.

Much of Morocco’s improved capability to plan and execute a control
strategy may be attributed to the national organization that was
developed-- a structure which may be described as functional,
comprehensive and well-adapted to Moroccan conditions. It was also
characterized by a high degree of cooperation among the concerned
governmental services and agencies. Morocco’s strategy and tactics
of control were, however, more a result of professional crisis
management rather than a result of a long-term plan of prevention
and control. The success of future monitoring and control efforts
will depend not only on Morocco’'s internal level of preparation, but
also on their success at working with neighboring countries on the
development of collaborative detection and control strategies.

Improved efficiency of operations such as survey, treatment and
communications:

Based on the above, the team felt that the GOM's capacity for
survey, treatment and communications increased dramatically as the
campaigns progressed, and that the GOM would be well-positioned to
undertake a similar campaign in the near future. Puture campaigns
should, however, make more use of control methods such as the
"Barrier Strips" technique for hopper treatments, as well as ground
treatment in general which was not used as extensively as it could
have been due to apparent mixing and formulation problems associated
with the USAID-supplied pesticide, carbaryl. The team also
questioned the use of the pesticide DDVP by the GOM, and recognized
USAID’'s strong objections to its use as an important, albeit largely
ignored, technical input. Finally, in 1light of the greatly
diminished DL threat, the team questioned the validity of maintain-
ing, for the sole use of future DL campaigns, important vehicle,

equipment and material stocks. The team felt that these inventories
could be used for other, more immediate needs within the agricultur-
al sector.

Improved GOM capacity for the management and monitoring of environ-
mental, safety and health aspects of control operations:

In the area of human safety, USAID made a significant contribution
through the provision of protective clothing, cholinesterase test
kits, and training in cholinesterase testing. These contributions,
combined with the excellent health care and safety education system
established in Morocco, resulted in a reduction in the number of

‘treated persons for symptoms of organophosphate poisoning from over

400 persons during the first campaign to 23 cases during the second
campaign.
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In terms of monitoring the environmental impact of the locust
control operations, the USAID-commissioned study by the Denver
Wildlife Research Center, incomplete at the time of the evaluation,
promised to be a very important contribution to elucidating the
effects of organophosphate insecticides on ecosystems in arid
environments.

Other Areas of Concern:

In addition to the above, the following summarizes other important areas also
addressed by this report:

Pesticide Management and Disposal: Pesticide surplus disposal is a
serious problem in Morocco and there exists a strong political desire to
find a solution. The disposal problem is related to two types of
pesticides: those which can no longer be used (i.e.: BHC) and where
destruction is the only solution; and those which have uses other than
locust control. Options for dealing with these pesticides are presented
in detail in later sections. The GOM is making great efforts in this area
and has proposed two new projects to be financed from national funds.
Nonetheless, a great deal of work remains to be done and, given USAID’s
experience in the area, the team proposed that the RAgency assist the GOM
in further articulating its strategies.

USAID Responsiveness: Moroccan officials generally had a very positive
view of USAID’'s contribution and the Agency’s overall responsiveness to
their requests. In all meetings, Moroccan officials expressed their
gratitude to USAID for its contribution, specifically referring to the
Agency’'s role in providing commodities and treatment aircraft, its
leadership in environmental and health safety, and its assistance in
organizational and human resource development. Reservations were,
however, expressed with regard to pesticide selection (i.e.: the agency’s
refusal to supply or support the use of DDVP), as well as uncertainty with
respect to AID’'s commitment to future activities such as pesticide storage
and disposal.

Regional Cooperation: Learning from the latest locust invasions, Morocco
has activated cooperation with neighboring countries. Presently, Moroccan
teams are participating with Mauritanian counterparts in surveying locust
breeding zones in northern Mauritania through the Maghrebian Intervention
Force (FMI). Also, Moroccan officials expressed their interest in
participating in the FAO Inter-Regional Preventive Control Project which
was in the stage of preparation at the time of the evaluation.

Economic Assumptions: A brief discussion of some economic analysis
indicated the use of different figures for locusts control cost per ha. by
the FAO, USAID and the GOM. While Morocco used the overall figure of
$15.36 after the 1988 campaign, it was reduced to $10.00 after completion
of control operations in 1989. Morocco considers in the calculation the
depreciation value of non expendable items over time and the personnel
travel costs, but it does not include salaries and benefits. Accurate per
ha. cost of the locust control campaign is very difficult to calculate,
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though the team did provide a "ball park" estimate of between $19 and $20
per ha.

Principle Recommendations:

Of the many recommendations regarding the MLCP which are presented in detail in
this report, the following are especially noteworthy:

As there is no current DL threat, and in order to free-up resources
which were diverted to the locust control effort back to their more
traditional uses, the NLCC should be returned to the administrative
oversight of MARA. The technical capacities of the NLCC could be
better utilized for training and research under the direction MARA,
and the Center’s important vehicle, equipment and material stocks
could be directed to more immediate needs within the agricultural
sector.

Prior to undertaking similar DL control programs in other nations,
USAID should examine the feasibility of applying the institutional
structure developed in Morocco as a model for other locust control
operations.

Given the severity of the pesticide storage and disposal problem in
Morocco, it is highly recommended that USAID encourage and assist
the GOM in establishing a panel of representatives from concerned
national and international institutions to develop a long-term,
national pesticide management plan. Specific pesticide management
options are presented in later sections, but will require a great
deal more analysis than could be accomplished within the scope of
this evaluation.

In order to further assist the GOM in developing a sustained
capacity to monitor and control desert locusts, USAID should
encourage GOM to organize periodic workshops and training exercises
to assure the transfer of experience from trained personnel to new

recruits. Specific areas to which USAID may itself provide training
are outlined in the relevant sections, but include pesticide
management and environmental monitoring.

USAID should assure the continued availability of key items such as
Greenness maps and cholinesterase kits for use in current monitoring
programs and future control efforts.

Climate-specific protective gears for pesticide handlers should be
developed, perhaps through FAO programs such as the Inter-Regional
Preventive Control Project.

Given Morocco’'s experience and capabilities, consideration should be
given to establishing a regional locust control training center in
Morocco, specialized in the locust/grasshopper domain, which could
serve both national locust control personnel, as well as those from
neighboring countries.



Lessons Learned:

Important lessons learned that were deducted from the teams analyses and findings

include:

The successful monitoring and control of desert locusts requires a
regional approach and cooperation amongst all concerned countries,
and efforts to increase such cooperation should be strongly
encouraged.

The national organization that was developed specifically for locust
control proved functional, provided for a comprehensive response to
the problem, and could serve as a model to similar programs.

With regard to the procurement of pesticides for similar programs,
and given both the potential harmful impact of unused pesticide
stocks, as well as the cost of their storage and disposal, quanti-
ties should be ordered on an "as-needed" basis to the extent
possible, and the procurement of surplus or emergency stocks should
be avoided. Furthermore, a detailed pesticide management plan must
be a part of any future projects in which pesticides are provided.

Although spraying with large aircraft is sometimes considered as
posing to great a risk to the environment and human health, given
their much larger treatment capacity, their use in large, unpopulat-
ed and non-agricultural areas is effective and should be considered
for future operations.

The provision of cholinesterase kits is a cost effective way for
significantly improving the safety of the spray operations, as well
as improving individual appreciation for health and environmental
concerns. Such kits, and the provision of training to assure their
appropriate use, should become integral components of future DL
control programs.
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CHAPTER I. THE USAID/MOROCCO LOCUST CONTROL PROJECT

1.1. Background

In July 1986, Desert Locust infestations were reported on 3,000 km2 on the Red
Sea coast of northern Bthiopia and air traffic at the Asmara airport was brought
to a stand still. Both aerial and ground spraying was undertaken, but it was
known to be not entirely effective and that there were escapes. The Desert
Locust Control Organization for Eastern Africa (DLCO-EA) reported that migrations
from the coast to the winter breeding area of the western low lands adjacent to
the Sudanese border had taken place. Near the end of August, fifth instar Desert
Locusts (hoppers) were reported marching out of northern Ethiopia into Sudan, and
on September lst, a medium density population was observed 5 km. west of Kassala
in Ssudan.” control efforts could not be mounted successfully due to hostilities
within the border area. Swarms were also reported in Saudi-Arabia, and by mid-
June had penetrated to northern and western Sudan. The succession of events
thereafter becomes somewhat murky. It is sufficient to say that the upsurge
began on the red sea coast and spread westward.

While the upsurge was occurring in Eastern Africa in 1986 a corresponding
increase in Desert Locust populations was also recorded in West Africa but on a
much smaller scale. Scouts in Mauritania reported a higher than normal solitary
Desert Locust population in southern Mauritania, and Algeria sent-out spray
aircraft, but failed to detect any sprayable targets. Since all available
Mauritania crop protection personnel were engaged in grasshopper control in 1986-
87, no surveys were conducted in northern Mauritania and Greenness (satellite
imagery) maps were not yet available for that area. It is now known that a very
large area of northern Mauritania possessed green, succulent vegetation, an ideal
location for many swarms migrating from East Africa to breed and reproduce in
exceptionally large numbers.

By the fall of 1987, progeny of the Red Sea locust population had spread west
across the northern Sahel and southern Sahara and then northwest to Algeria,
northern Mauritania and Morocco. Many experts concluded at this time that the
infestation was sufficiently widespread and intense to constitute a plague.

Morocco was invaded on the 17th of October, 1987-- the first swarms arriving in
the eastern portions of the country (Errachidia and Bouarfa) after having
traversed the Sahara across BAlgeria. As the year progressed, the invasion
occurred further to the west, traversing the Sahara across Mauritania and the
Western Sahara. A total of 42 swarms were detected in 1987.

1.2. Project History

Faced with a Desert Locust (DL) invasion in Morocco in October 1987 which was
threatening agricultural production of the country, and in light of the inability
of Moroccan capabilities to deal with a DL invasion of potential plague propor-
tions, the Government of Morocco (GOM) approached the international community for

* Gaudet & Shaefers, September 1986.
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assistance. Accordingly, GOM presented an initial request for emergency
assistance to USAID/Morocco on November 4, 1987, which prompted a positive
response from the AID Office of Foreign Disaster Assistance (OFDA) in Washington.
A total of $446,686 in AID financing was made available for aircraft, pesticides
and technical assistance. Based on a prediction of another serious infestation
in the fall of 1988, USAID/Morocco established a longer-term mechanism for
assistance-- the "Locust Control Project"-- for which a Project Identification
Document (PID) was submitted to AID/W, and approved on February 9, 1988,

In the spring of 1988, Morocco was unexpectedly infested again by larger DL
swarms of plague proportion. The GOM therefore presented a 2nd request for
emergency assistance to USAID on March 10, 1988. OFDA again responded favorably
by funding operational assistance in the amount of $1,835,840. This assistance
included the procurement of about 300,000 liters of insecticide, flying hours of
2 Turbo Thrush aircraft for pesticide application, and technical assistance.

Considering the two consecutive invasions, the USAID/Morocco Locust Control
Project (MLCP) was approved on May 11, 1988. 1Its initial duration was for two
and half years, and a total of $3,500,000 in AID financing was made available.
The procurement of inputs began immediately after approval to assist GOM in
preparing for the predicted invasion in the fall of 1988.

By the fall of 1988, AID support of the Morocco locust campaign thus came from
two sources: the OFDA emergency funding, and the budget of MLCP. OFDA financed
part of the aerial spraying by DC 7s and the technical assistance of a spray
specialist, for a total of US $307,500. Disbursements under the MLCP continued
through the life of the project for the total available amount of $3,500,000.

Following a Mission review of the MLCP held on Dec 22, 1988, it was decided to
amend the project, increasing AID’s financial commitment by $20,000,000 (from
$3,500,000 to $23,500,000) and extending the Project Activity Completion Date to
June 1991. This decision was based on the expectation that a serious threat
would continue through January 1989, if adequate rainfall occurred in southern
Morocco and northwestern Mauritania. Though another invasion did not occur, due
to the hiatus of USAID activities in Morocco during the Gulf War, the Project

Activity Completion Date was again extended to June 1992 in order to ensure the
adequate close-out of activities.

After approval of the Project amendment, few locusts were reported and control
operations were halted on March 5, 1989, However, from available financing,
$2,211,403 was spent from spring 1989 to spring 1992 for the demobilization of
aircraft, the purchase of greenness maps, environmental monitoring studies and
the procurement of certain commodities. Total U.S. expenditures for the Morocco
locust control campaign from November 1987 to spring 1992 were $8.3 million, Of
that amount, $2.6 million was from OFDA and $5.7 million was from MLCP.

1.3. Project Description
1.3.1. Project Goal and Purpose

Within the above administrative framework, and as specified in Project Paper
dated May 1988 and the Project’s Amendment No. 1 dated December 1988, the stated
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goal of the USAID Morocco Locust Control Project was "to protect Moroccan
agricultural and livestock production from the locust plague in ways consistent
with protecting the health and well-being of the people and the environment.”
The more specific project purpose was to assist the GOM, in coordination with
other donors, to control the Desert Locust invasion.

1.3.2.

Project Inputs

To achieve the above, USAID programmed the provision of the following inputs:

Item U.S. Dollar Value
Aircraft flying hours 4,753,450
Pesticides 4,848,932
Spraying Systems 312,500
Miscellaneous Commodities 177,500
Environmental Health and Safety Commod. 392,000
Logistical Commodities 539,000
Training and Technical Assistance 927,500
Audit 0
contingencies 1,549,118

Total = 13,500,000

In more programmatic terms, USAID’s inputs included:

a.

Aircraft and insecticides to augment GOM treatment capacity. For
the same purpose the project provided, in conjunction with training
specific spray system to be adapted to the Moroccan helicopters.

Short-term technical assistance and selected commodities to improve
the strategic and tactical planning of treatment operations.

Greenness (satellite image) maps which were provided and Jjointly
studied by USAID/Morocco and the GOM. The maps assisted GOM in
monitoring vegetative conditions favorable as DL breeding areas, and
in defining areas requiring intensive ground surveillance.

Selected commodities designed to improve insecticide handling,
communication capacity and survey methods.

Short term technical assistance, training and the necessary tools
(cholinesterase test kits) to monitor the human health and safety
concerns. The project also provided, through an American research
center, training sessions for Moroccan scientists and an environmen-
tal impact study on the effects of the main organophosphorus
pesticides used.

Finally, the project intended, if the locust invasion would had

continued, to provide for the 1990 and 1991 campaigns any required
short term technical assistance, training and commodities. To this
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end, a further obligation of $10,000,000 was also foreseen-- the
exact breakdown of which would be determined following an assessment
of the success of the first stages of the DL control effort.

Although the above inputs were foreseen, following the effective end of the DL
threat, USAID'’'s assistance fell far short of that anticipated. The complete
listing of inputs foreseen and those actually provided is presented in detail in
Annex E.

1.3.3. Project Outputs
Emanating from the above, the project’s intended outputs included:

1) Enhanced GOM capacity to control the Desert Locust invasion through
aerial spraying using appropriate aircraft and pesticides;

2) Improved strategic planning and tactics of control operations;

3) Improved efficiency of operations that included survey, treatment
and communications; and

4) Improved GOM capacity for the management and monitoring of environ-
mental, safety and health aspects of control operations.

1.5. Evaluation Objectives

In fulfillment of MLCP requirements, this "end of project evaluation" was
organized. In reference to the above-stated outputs of the project, the global
objectives of the mission were to assess: (1) USAID'’s response to the GOM’s call
for emergency assistance; (2) overall project achievements; and (3) lessons
learned. Specifically, the evaluation examined: (1) the effectiveness of the
Project in meeting the output-level objectives; (2) the Project’s progress in
meeting the purpose level objectives; (3) the effectiveness of the Project in
meeting its goal-level objectives; and (4) "spin off" activities. Other concerns
and issues that were addressed were Project: (1) relevance; (2) effectiveness;
(3) efficiency; (4) impact; and (5) sustainability. The complete Scope-of-Work
to the evaluation is included in Annex A.

1.6. Evaluation Methodology

In accordance with the established plan, the team conducted the evaluation from
late February to mid-March 1992. The evaluation methodology was designed to
evaluate the Morocco locust control program as a whole and, specifically, the
assistance provided by USAID. Moreover, cognizant of the evaluation’s importance
to future efforts, the team was careful to not consider the evaluation as only
the appraisal of a completed effort, but also as a tool for learning-- from which
similar campaigns for the control Desert Locust may be better prepared and
executed.

Keeping the above in mind, the methodology consisted of the review of pertinent

documentation, interviews with involved parties, and field visits to project
sites. Documentation included that from technical and administrative sections
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of USAID’s Washington and Rabat offices, the AID Office of Foreign Disaster
Assistance, the Office of Technical Assessment of the U.S. Congress, various
agencies of the Government of Morocco, and contractors involved in the project.
A complete listing of documents reviewed by team members is included in Annex G.

Interviews began with the team’s initial two-day visit to Washington, DC, during
which time members met with representatives from AID/W, OFDA, USEPA, and
contributors to the OTR report entitled "A Plague of Locusts." The team then
travelled to Morocco, and for the next three weeks conducted interviews with
representatives from: USAID/Morocco, National Locust Control Center (NLCC),
Central Command Post (PCC), Gendarmerie Royale (GR), Direction de la Protection
des Végétaux (DPV), Ministry of Interior, Ministry of Transport, Ministry of
Health, Official Laboratory for BAnalyses and Chemical Research, and FRO.
Unfortunately, some Moroccan resource persons who participated in the field
operations during the control campaigns were outside the country for training at
the time of the team’s visit.

The evaluation also included field trips to Ait Melloul, Tiznit, Taroudant,
Guelmim, Sidi Ifni, Tata and Ouarzazate for the purpose of conducting interviews,
visiting project-assisted facilities, examining pesticide storage locations, and
observing the topography of areas where control operations took place. A
complete listing of persons contacted by the team, as well as the team’s
itinerary are included in Annexes B and C, respectively.

Page 5



CHAPTER 1II. ORGANIZATIONAL STRUCTURE

2.1.1. The National Organization for Locust Control

The government of Morocco responded rapidly to the initial invasion of locusts
in 1987, and declared a national emergency. Within the framework of this
declaration, a national organizational structure, consisting of several
independent governmental agencies was established under a central directorate
(see Annex D - organizational charts). Represented within this structure were
the Ministry of Agriculture and Agrarian Reform, the Ministry of Interior, the
Ministry of Transport, the Ministry of National Defense and the Ministry of
Public Health. The reason for involving these ministries was due to the simple
fact that no single ministry or agency was capable of managing the locust control
effort alone.

2.1.2. Principle Actors

In practice, the major portion of locust control efforts relied on three actors,
namely the Royal Gendarmerie (GR), the MARA and the Ministry of Interior. Their
roles were complementary and may be summarized as follows:

® The Gendarmerie Royale (GR): assumed management of operations, the
control of logistic support, as well as much of the administrative
burden. In effect, the GR in collaboration with the army (FAR) had
the necessary organizational and response capability to oversee the
immense logistical requirements of the locust control operations.

® The Ministry of Interior (MOI): Through the Civil Protection
Division in particular, the MOI was responsible for overseeing
financial and organizational aspects of the locust control effort.
Such responsibilities were consistent with the general mandate of
the MOI which generally assumes the role of coordinator in the case
of all national disasters.

® The Ministry of Agriculture and Agrarian Reform (MARA): Through the
Crop Protection Division in particular, the MARA assured the
provision of all technical support required to implement a sound
locust control strategy.

2.1.3. The National Locust Control Center

In addition to the above, it is important to note the critical function played
by the National Locust Control Center (NLCC). Traditionally placed under the
administration of MARA and located at Ait Melloul, the NLCC has been a focal
point for locust control activities in Morocco since 1975. Principle activities

of the Center include: ongoing surveillance; the control, maintenance and
distribution of inventories; the training of technicians; and the coordination
of treatment programs. In fulfilling its role, the Center maintains several

prospection/treatment teams composed of trained personnel, some ground equipment,
an important quantity of pesticides and, as required, the annual rental of 3 to
5 aircraft for approximately three months for prospection and treatment. It has
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storage facilities for equipment and materials, maintenance facilities for
vehicles and application equipment, and pesticide storage and dilution
capabilities. It also maintains regular communications with the FAO to monitor
DL infestations in neighboring countries.

Since its creation in 1975 and until November 1987, the NLCC was under the
administrative authority of the Crop Protection Service of (DPV) of MARA. When
the locust invasion began in 1987, and along with the declaration of a national
emergency, the NLCC was placed under the administrative jurisdiction of the
Ministry of Interior. This facilitated many logistical aspects of the locust
control program, including the oversight of customs clearance procedures, the
canceling of landing fees for program aircraft, the movement of supplies through
multiple taxing units, etc. Despite the end of locust invasion, the NLCC
remained under the authority of the Ministry of Interior at the time of the
evaluation. This is further discussed below.

2.2.1. Field Operational Components

Within the above framework of interagency collaboration, an operational structure
specific to the locust control program was developed. This operational structure
had four main levels of authority, consisting of:

Central Command Post (PCC): Situated in Rabat, the PCC assumed overall
responsibility for implementing all locust control activities in the
country, as well as coordinating all actions undertaken by the Regional
Command Posts. The PCC was headed by a National Coordinator, appointed by
His Majesty the King, who also served as the Commanding General of the
Royal Gendarmerie.

Regional Command Posts (PCRs): Situated in the main cities of different
provinces and under the PCC’s general direction, PCRs were responsible for
the establishment of survey and treatment (ground and aerial) programs
specific to needs of their assigned region. Each PCR was headed by a
Regional Coordinator, namely the Governor of the province, who was
responsible for all administrative and financial matters. The Regional
Coordinator was further supported by a designated agent from MARA who was
responsible for all of the PCR’s operational decisions, and a GR officer
who facilitated execution. Representatives of different ministries were
also assigned to each PCR, and acted under the authority of the MARA
agent. Although equipped and organized to operate autonomously, PCRs
depended upon the PCC for the approval of all decisions relative to
control strategies, as well as for reinforcements whenever an infestation
exceeded a particular PCR’s capabilities.

Five (5) PCRs were initially established during the 1lst campaign in the
fall of 1987, and the number was increased to 12 in 1988 in response to
more general locust invasion. PCRs were situated at Oujda, Bouarfa,
Errachidia, Ouarzazate, Tata, Guelmim, Laayoune, Dakhla, Ait Melloul,
Missour, Khenifra and Marrakesh.

Sub-Command Post (SPC): Every PCR had 2-3 SPCs which were responsible for
surveying, ground treatment and, on occasion aerial treatments. There
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were a total of 29 SPCs which reported to their corresponding PCR.

Operational Units (UO): There were 121 operational units in total under
the control of SPCs. Every UO was responsible, within a defined
territorial area, to undertake survey and limited ground treatment.

2.3.1. General Remarks on the Organizational Structure

As developed above, the organizational structure for the locust control program
was comprehensive both in terms of agencies involved and in terms of geographic
coverage. Though operationally the program remained under a single National
Coordinator (Commanding General of the Gendarmerie Royal), its design also
assured heavy involvement and oversight by MARA and MOI, providing for a well-
organized array of technical capabilities and flexibility which was unique among
locust control programs in the African region. Based on the team’s interviews
and visits, there was also a clear sense of collaboration and cohesion among the
various members of the PCC in Rabat, effective coordination between participating
agencies, and good vertical communication between the PCC and PCRs.

Though in strategic terms the operation was highly centralized at the PCC level--
i.e., the PCRs had to transmit all information to PCC in Rabat before taking
action-- the PCC generally responded rapidly to the PCRs, reducing administrative
delays and making for a well-coordinated national strategy. Moreover, in
operational terms, PCRs were still able to make operational decisions within and
according to the conditions of their specific localities.

In sum, and comparing the locust control organizational structure in Morocco to
those of other countries in the region, the team was most impressed. For all
intents and purposes, it appeared comprehensive, well-coordinated and quite
disciplined (i.e. there were no deviations from policy, and there was respect of
the hierarchy and roles of contributing parties). Much of this may be owing to
the disciplined leadership provided by the Gendarmerie Royale. As other
countries involved in DL control campaigns may not have such an existing
structure from which to build, the applicability of this organizational structure
on a regional level may not be practical. Nonetheless, it appeared to work quite
well in Morocco.

2.3.2. Sustainability of the Program

Although the DL threat has been officially over for 3 years, the National
Organization remains in reduced but functional operation-- the PCC continues to
operate, the NLCC continues to be under the authority of the Ministry of
Interior, and there are no plans to either disband the PCC or transfer the NLCC
back to MARA. In addition to the organizational structure, locust control
inventories at the NLCC are still being maintained for future invasions. 1In
fact, about 95% of the equipment used during the locust campaign is presently
stored in the center. This includes vehicles, sprayers, radio communications
equipment and protective clothes. A maintenance schedule of vehicles and
sprayers is planned for the purpose of assuring continued functioning of the
equipment.

The principle reason for maintaining the status quo is the belief among Moroccan
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officials that Desert Locusts can return again at any time, and that they should
be fully prepared. This belief is further reinforced by a lack of preventive
control of DL in the DL recession (or breeding) zones situated in neighboring
West African countries. Another reason cited relates to the unresolved issues
of the past campaigns, such as disposal of pesticides and environmental concerns.

The maintenance of the national organizational structure has clear advantages in
terms of the sustainability of the program. Maintaining the PCC operational
keeps the issue of locust surveillance and control at a high administrative
level, and the treatment of important issues such as pesticide storage and
disposal is not simply being deferred to the future. Briefly, if a DL invasion
were to occur in the foreseeable future, Morocco would be well-prepared to launch
a well-organized treatment campaign.

2.3.3. Recommendations

While the team greatly appreciated the level of preparedness described above, it
did have some reservations about the wisdom of preserving personnel and large
material and equipment inventories for the sole purpose of locust control. This
is especially in light of the fact that, based on surveillance in neighboring
countries via the FMI (see section on regional cooperation), there is no
indication at the present time of any DL gregarious phase development in
recession zones and, hence, little likelihood that an invasion will occur within
the foreseeable future.

Given the lack of a well-defined threat, the team recommends that the GOM
strongly consider certain actions which would return resources which were
diverted to the locust control effort back to their more traditional uses.
Although it does not appear to be an issue at present, one of these actions is
the return of NLCC to the MARA. The team strongly felt that technical capacities
of the NLCC could be better utilized for training and research under the
direction MARA, and that the Center’s important vehicle, equipment and material
stocks should be directed to more immediate needs within the agricultural sector.
A side benefit may be at the level of foreign assistance which may flow more
freely to the Center if same were under MARA, and not designated solely for
responding to a disaster which is not identified as such within the international
funding community. Finally, given the PCC’s ability to identify and respond to
potential crises, the team felt that in the case a threat does develop, the GOM
could quickly bring the NLCC back under the MOI, as was the case in the fall of
1987.
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CHAPTER III. SURVEY AND CONTROL STRATEGIES

3.1. Introduction

During the past 45 years the world has witnessed four Desert Locust plagues. A
similar pattern of upsurge and decline can be traced back to the dawn of history.
During these 45 years new survey and control techniques have been devised and a
vast reservoir of knowledge has been developed as to pest biology, food
preferences, primary breeding sites and principal migration routes. Since the
composition of swarms can vary widely, strategies must be used which take
advantage of situations in which swarms are most likely to be concentrated.

3.2. Patterns of Invasion

Map No. 1 on the following page shows the migration routes taken in 1987 by the
Desert Locust en route to the winter breeding area of north western Africa. Not
shown is the apparent extensive movement into northern Mauritania from where a
majority of the swarms that invaded Morocco developed in the spring of 1988. The
fall 1988 swarm movement into Morocco followed basically the same routing as
shown in Map No. 1, while those entering Morocco in early 1989 came almost
entirely along the coast.

3.2.1. Strategies

The initial project paper "the Morocco Locust Control Project" signed on 5/11/88
in its annex entitled "Technical Analysis", described in general terms the
strategic approaches taken by Morocco based on the biology of the pests and the
effects of weather. As the project paper did not explain in detail the reasons
for Morocco adopting these strategies, nor evaluate their efficiencies, the
following paragraphs on control and survey strategies will attempt to do so.

3.2.2. Control Strategies

Locust swarms are generally brought into and remain within areas of low level
wind convergence such as the Souss Valley of Morocco which, because of the low
temperatures over the mountains, prevent them from continuing their migration®.
Thus, Morocco is highly vulnerable whenever a locust upsurge occurs. Morocco’s
control strategy on the west was, therefore, to prevent locusts from crossing the
Anti-Atlas Mountains and entering the agriculturally rich Souss and Massa
valleys. To the east the strategy called for preventing swarms from crossing the
High and Middle Atlas and entering the Morocco’'s north western agricultural
2ones. At the same time a major effort was made to prevent crop damage in the
oases to the south.

Except for the Atlantic coastal area, the above strategy provided a zone of no
more than about 200 kilometers wide in which to work. On warm days swarms easily
fly 75-100 kms. So from time of detection to treatment of a swarm, even a few
hours became crucial. As the numbers of swarms increased and compressed within

" Rainey, 1951
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relatively small areas, it was difficult if not impossible to identify and track
individual swarms and, as they approached cropland, repeat spraying of some
swarms occurred.

Swarms entering Morocco along the Atlantic coast offered more opportunity for
preparation in advance of control. Though control was limited as the Moroccan
Sahara was a military zone, the Moroccan Royal Army provided valuable information
on swarms approaching control operations sites to the north. Morocco’s basic
plan called for 3 strategic lines of defense. The first two of these defense
lines were to the south of the High Atlas Mountains while the third was to the
north. Since only a few scattered locusts ever managed to migrate to the north
of the High Atlas, activation of this third line of defense was never considered
necessary.

3.2.3. Effectiveness of the Control Strategy and Recommendations for the Puture

The control strategy was successful in providing Morocco the protection to its
valuable crop land that it desired, but is not a ready solution to the overall
locust problem. It was, however, a strategy of crisis management rather than
preventive control.

Given Morocco’s special vulnerability (i.e.: areas of low level wind convergence
in agriculturally rich areas such as the Souss valley), and for its own
protection, it must reach out further afield in the future to assist other
nations in preventive measures. In light of both Morocco’s dependency on
neighboring countries for prevention, as well as its own proven organizational
and technical expertise in locust control, the team strongly recommends that
Morocco pursue a collaborative relationship with other concerned countries,
perhaps offering teams of its own technicians to work with their neighbors in
detection and control. This would be of benefit to all concerned, and could
prevent a repeat of the 1987-89 massive actions.

In sum, the technology is available to practice preventive control and maintain
the Desert Locust within recession areas, thus keeping Morocco from ever again
being faced with a locust plague. However, until congeniality exists between all

nations affected by the Desert Locust, preventive control will probably never be
fully successful and plagues will continue to occur.

3.3. Survey Strategies

Forecasting locust upsurge is, at best, a difficult undertaking. Accuracy
depends on long range weather forecasts and surveys that may have been undertaken
weeks or months in advance. Since Morocco is not a recession locust breeding and
population build-up area, but rather an invasion area, it had to rely on data
supplied from other sources to make decisions. Unfortunately, during the control
campaigns this data was either sparse, of questionable accuracy, or completely
lacking. So like its control strateqy, the survey strategy became one of crisis
application.

Ground surveys are the primary means for detecting swarms. Scouts positioned

close to Morocco’s southern border relied mainly on visual cues and word-of-mouth
reports from the local populace for swarm detection. This strategy performed
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well in the relatively narrow confines that Morocco had to work. However, as the
swarms developed they became compressed (i.e.: the distance between them became
increasingly less), and when there was a large number of swarms present on the
same day, it became difficult for scouts on the ground to maintain a swarms
identity for tracking its movement. Thus, once a swarm was detected or its
position approximately determined, helicopters of the Gendarmerie Royale were
utilized to assist scouts on the ground to track the swarm until it could be
controlled.

Swarms that entered Morocco and escaped detection and control may either turn
northwest to Algeria or breed and reproduce in the deep canyons of the Atlas
Mountain ranges. The young larvae (hoppers) produced can only be detected
visually from the ground. Scouts must rely to a large extent on reports from the
local populace as to their stage of development, size of bands and their
direction of movement. Since these reports are often highly inaccurate or
grossly exaggerated, Moroccan scouts must evaluate each report individually and
make judgements based on past experience. Given this, it is highly unlikely that
any Morocco PCR was so efficient that all hopper bands were found and treated.
The terrain in which it had to work precluded such efficiency.

Morocco’'s swarm detection and control strategies came into play once again when
these hoppers reached adult stage and prepared for the long migrations south to
the summer breeding belt. Though, at this stage they posed no immediate threat
to Moroccan agriculture, controls were taken to protect their southern neighbors
and eliminate populations that could produce progeny which might invade Morocco
several months later. Although not without problems the survey and control
strategies meshed together well and were rigidly adhered to as would be expected
from an operation coordinated in large part by military units.

As concerns improvements in survey strategies, and as in the case of control

strategies, increased regional cooperation will be critical. The issue of
regional cooperation is discussed at further length in Chapter VII.
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CHAPTER 1V. OPERATION AND APPLICATION OF PESTICIDE

Ground and aerial application of pesticides are the methods of choice for
reasserting control after a locust outbreak has occurred. This section details
the operational aspects of applying these methods under the MLCP.

4.1. Operational Objectives

The principal objective of the GOM operational plan was and continues to be
protection of crops in major agricultural regions such as the Souss valley and
areas north of the Atlas mountains. During the 1987-1989 campaigns, aerial
application was considered as the first line of defense for Morocco. The
complimentary role of ground application should not, however, be underestimated
as it was effective whenever aerial application was not possible.

During the three campaigns, Morocco treated in total about 4.8 million ha. using
aerial and ground treatment against DL adults and hoppers. Ben Halima reported
in September 1990 the total area treated in 5 phases, as follows:

First: October 27 to December 31 1987
Treated 201,953 hectares aimed mostly at immature adults

Second: January 1 to February 29, 1988
Treated 92,742 hectares aimed at immature swarms and hopper
bands

Third: March 1, 1988 to April 19, 1988
Treated 1,088,740 hectares aimed at mature swarms

Fourth: April 20 to July 30 1988
Treated 1,442,598 hectares

Fifth: October 10, 1988 - March 5 1989
Treated 1,989,622 hectares of dense swarms and immature
adults.

Of the total treated area, about 1.1 million ha. (or 23%) were treated by ground,
and 3.7 million ha. (or 77%) were treated by air.

4.2. RAerial Applications
4.2.1. Equipment Used

There were many types of aircraft employed during the campaign. Selection was
based on many parameters such as terrain, distance and size of infestation.
Although at the time of the first infestation in the fall of 1987 the GOM started
with a smaller number of aircraft - approximately 20, the final total was 56
aircraft (42 airplanes and 14 helicopters). Of this total GOM supplied 17
airplanes and 14 helicopters and various donor countries supplied the rest,
including: Piper Pawnees, Grumman Ag Cats, Cessna Ag Wagons and Douglas DC6.
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Since different types of aircraft were supplied by donors, each type needed to
be assigned to the type of terrain and distance that it could handle best.
Aircraft with sufficient power and high maneuverability such as Turbo Thrush and
helicopters were required for much of the rugged terrain and valleys, whereas the
large planes, such as the DC 7s and C 130s, were principally used over large non-
agricultural open or rolling flat lands. Based on collected information, it
appeared that aircraft were properly assigned.

As concerns USAID‘s contributions, the Agency provided the flying hours of two
Turbo Thrushes, two DC7s and one C130, as well as 10 spray systems for use with
the GOM’'s Bell-205 helicopters. USAID’s two Turbo Thrushes were the first donor-
provided planes to arrive and become operatiocnal, making their first spray loads
on November 10, 1987. Both the aircraft, as well as the U.S. pilots assigned to
the program received high marks from GOM officials. As concerns the medium-sized
aircraft in particular, they played a key role from the beginning, providing a
unique and needed capability in terms of their range to targets, hectares sprayed
per sortie, and compatibility with terrain and swarm size.

The following provides data regarding the contribution of USAID aircraft to the
locust control program.

Table 5.2. USAID Aircraft During the Campaign, 1988-89"

Aircraft Area Treated Flying Consumption
(Ha.) Hours Kerosene Fuel

2 Thrush 168,805 282H 19 57,120

1 C-130 33,765 10H 30 33,643

2 Dc-7 314,180 160H 33 317,501

TOTAL 516,750 453H 22 90,763 317,501

With regard to large airplanes such as the DC7, their use is often discouraged
due to their wide swath and, consequently, increased threat to the environment.
Their long-range capability however, as well as their ability to spray up to 10
times the hectarage of even the medium-size Turbo Thrush (and with less people
involved), offered clear advantages to the Moroccan locust control program. This
became apparent when dealing with locust swarms that initially invaded non-
agriculture zones south of the Atlas mountains. These swarms were extremely
mobile, had infested very large areas, and within a very limited timeframe would
move to the agriculture areas. It was only through the addition of the large
airplanes that it was possible to reach and treat these large swarms in time.
In addition, the navigation systems that were available on the larger aircraft
allowed for more accurate location of treatment areas and better spacing of
application. Insofar as spraying by such aircraft was limited to non-populated
areas, their future use in similar campaigns should be given consideration.

Based on USAID Situation Reports.
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4.2.2. Rerial Operation

In addition to the well-trained and disciplined aeronautic professionals of the
armed services who contributed to the locust control effort, Morocco had a
distinct advantage in having an established private aerial spray company and
trained pilots in-country-- many of whom were experienced in spraying wheat,
barley, citrus and addressing other pest problems. The private operator
"Agricolair" operates 15 Piper Pawnees most of which were leased by GOM for
locust control. Due to limited range and load capacity of these smaller
aircraft, they were generally deployed to PCR’s where they could treat areas
closer to established airstrips.

Due to the fact that long flights were frequently required from airstrips to
areas of infestation, the aircraft carrying capacity was an important parameter.
The Ultra-Low-Volume (ULV) formulation of the USAID-supplied pesticides was
especially useful. Along with the small droplet sprays, the ULV formulation
provided an increase in aircraft efficiency through increasing the area which
could be covered in a single flight. B&as well, there was no need to transport
dilution material and mix formulations in the field. The drift spraying or
extended swath was also useful in br